97-84091-18 

U.S.  National  Bureau  of 
Standards 

The  international  metric 
system  of  weights... 

Washington 
1932 


MASTER  NEGATIVE  # 


COLUMBIA  UNIVERSITY  LIBRARIES 
PRESERVATION  DIVISION 

BIBLIOGRAPHIC  MICROFORM  TARGET 


ORIGINAL  MATERIAL  AS  FILMED  -  EXISTING  BIBUOGRAPHIC  RECORD 


.1.- 


308  National  • 

2  U•S.^Bureau  of  standardB. 

Box  356     ...The  international  metrio  systea  of  weights 

and  neasuree.     <IsBued  May  £6»  1938>  Washing- 
ton, Govt.print.off .f  1938. 

13  p.    illus.t  plate»  tables.    23om.  (liisoel- 

lanaous  publication  no .135) 

At  head  of  title:  U.S.  Departnent  of  oonmerce... 
Bureau  of  standards... 

"Supersedes  Mlsoellaneous  publication  no«S 
(2d  ed.,  Sept. 21,    jmSL^^ZEY  . 


RESTRICTIONS  ON  USE: 


Reproductions  may  not  be  made  without  permission  from  Columbia  University  Libraries. 

TECHNICAL  MICROFORM  DATA 


FILM  SIZE:  3ff/^A? 


REDUCTION  RATIO:     /O- / 


IMAGE  PLACEMENT 


:  lA 


DATE  FILMED: 


INITIALS:  "^^^ 


TRACKING  #  : 


FILMED  BY  PRESERVATION  RESOURCES,  BETHLEHEM,  PA. 


BIBLIOGRAPHIC  IRREGULARITIES 


MAIN  ENTRY: 


The.  jnteJTiiaticM^  of  weights  and 

measures 


■  aa  aaa^aaM—  W 


Bibliographic  Irregularities  in  the  Original  Document: 

all  volumes  and  pages  affected;  include  name  of  institution  if  film 
_Page(s)  missing/not  available:  


Volume(s)  misslng/not  available: 


Illegible  and/or  damaged  page(s): 


.Page(s)  or  volume(s)  misnumbered: 


Bound  out  of  sequence: 


.Page(s)  or  volume(s)  filmed  from  copy  borrowed  from 


X            unnumbered  foldout  between  p.  4  -  5 
Other:  .  


Inserted  material 


TRACKING*:  MSH24523 


m  5 

U.  S.  DEPARTMENT  OF  COMMERCE 

R.  P.  LAMOMT.  giiifiy 

BUREAU  OF  STANDARDS 

GEORGE  K.  BURGESS,  Director 


MISCELLANEOUS  PUBUCATION  No.  135 


MbMllaneous  PubltwiHwn  Ho.  2 


THE  INTERNATIONAL 

METRIC  SYSTEM 

OF  WEIGHTS  AND 
MEASURES 


30^ 


IlMiMd  May  2fi»  UOOI 


UNITED  arTATES 

GOVERNMENT  PRINTING  OFFICE 
WASHINGTON:  1932 


Far  — U  hy  tfw  SmiMinfwAwt  <rf  PowMff,  W«ghiiitfon,  P.  C. 


M  13S 


THE  INTERNATIONAL  METRIC  SYSTEM  OF  WEIGHTS 

AND  MEASURES  ^ 


This  publication  presents  a  brief  account  of  the  international  metric  system 
of  weights  and  measures.  Its  purpose  is  to  give  such  infoimation  as  will  ade- 
quately answer  some  <rf  the  more  simple  questicms  addressed  to  the  bureau  on 
this  subject  and  to  set  forth  a  working  knowledge  of  the  system.  The  publica- 
tion gives  a  brief  account  of  the  origin  of  the  metric  system,  information  con- 
cerning the  International  Bureau  of  Weights  and  Measures,  the  international 
standards,  and  the  national  prototype  standards  of  the  United  States.  A 
synopsis  of  the  system  is  given  which  shows  the  derivation  of  the  primary  units, 
their  interrelation  one  with  another,  the  method  of  forming  the  multiples  and 
submultiples,  the  abbreviations  used,  comparisons  of  the  units  with  thoseM 
our  customary  system  of  weights  and  measures,  and  tables  of  equivalMits.  The 
status  of  the  metric  system  in  the  United  S^iedm  is  shown  by  congression^ 
enactments  and  departmental  ofders. 
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BT7BSA.U  OS  SIAIIDABOS 


I.  INTRODUCTION 

The  following  was  prepared  to  answer  some  of  the  more  sun^e 
questions  addressed  to  the  Bureau  of  Standards  m  regard  to  the 
metric  system  of  weights  and  measures  and  its  use. 

The  essential  features  of  the  system  were  embodied  m  a  report 
made  to  the  French  National  Assembly  by  the  Academy  of  bciences 
in  1791  A  number  of  other  nations  were  invited  to  cooperate  with 
France  in  establishing  the  new  system,  and  Denmark,  Holland, 
Spain  Switzerland,  and  several  other  countries  were  represented  on 
an  international  commission  which  met  in  Paris  in  1799  to  accept 
the  metric  standards  constructed  mider  the  direction  ofwe  b^n^ 
Institute.    These  standards  were  known  as  the  standaids    of  the 

Although  the  metric  system  very  soon  attracted  the  favorable 
attention  of  other  nations,  it  was  not  until  40  years  later  that  its 
use  became  general  in  France.  Snce  1840  its  use  has  rapidly  spread 
unta  now  it  is  dither  obligatory  or  pennissive  m  practically  every 
civilized  country  in  the  world.  Its  use  was  made  lawful  throughout 
the  United  States"  by  act  of  Ck)ngress  m  1866,*  and  at  tiie  same  tune 
provision  was  made  to  supply  every  State  m  the  Union  with  a  set  of 
metric  weights  and  measures.  ,  .    .      ,  i 

No  organized  effort  had  been  made  up  to  this  time  to  supply  the 
different  countries  with  authentic  copies  of  the  metric  prototypes 
which  were  preserved  m  the  archives  of  France.    In  order  to  meet 
the  demand  for  accurate  standards  whose  relation  to  one  another 
would  be  known  with  the  highest  precision,  metric  conventions 
were  held  in  Paris  in  1870  and  1872,  which  were  attended  by  official 
delegates  from  about  30  countries.   At  these  conforences  committees 
were  appointed  to  investigate  the  best  form  and  material  for  the 
proposed  new  standards.    In  1875  a  treaty  was  signed  at  Pans  by 
17  of  the  principal  nations  of  the  world,  the  Umted  States  bemg 
tanom  the  number,  which  provided  for  the  permanent  organization 
of  an  International  Bureau  of  Weights  and  Measures  under  the 
direction  of  an  International  Committee.   The  most  important  work 
of  the  International  Committee  was  to  provide  for  the  construction 
of  a  sufficient  number  of  platinum-iridium  mfitjp  and  kilograms  to 
meet  the  demand  of  the  interested  nations.   The  companson  of  aU 
these  standards  with  one  another  and  with  the  ongmal  meter  and 
kilogram  was  made  at  the  International  Bureau  which  had  been 
estabUshed  near  Paris  on  neutral  territory  ceded  to  the  International 
Committee  by  the  French  Government.    Following  the  completion 
of  this  work  in  1889,  a  certam  meter  and  a  certam  kilogram  were 
selected  and  adopted  as  the  international  prototype  standards,  dis- 
placmg  the  meter  and  the  kilogram  "of  the  archives"  wj^ch  had 
heretofore  been  regarded  as  the  standards.   Prototype  meters  and 
kUo^^rams  were  distributed  bv  lot  to  the  countries  signatory  tojf» 
Convention  of  1875.    The  international  prototype  meter  and  kiio- 
eram  are  preserved  in  a  special  underground  vault  at  the  International 
Bureau  and  are  accessible  only  to  the  IntemaUonal  Committee. 
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II.  STANDARDS  OF  LENGTH  AND  MASS 

The  United  States  secm-ed  two  meters  (Nos.  27  and  21)  and^ 
kilnorams  (Nos  20  and  4),  which  are  now  preserved  at  tiieJJureau 
Tst^f^rTlt  Washington,  D.  C.    Meter  No  27  and . ^ogram 
No  20  serve  as  the  primary  standards  of  length  and  mass  of  the  Umted 
Ste";^    S  is       plan  of^tiie  International  Committee  to  mtercom- 
D^raU  ^e  nX)SaI  meters  and  kilograms  with  the  international 
wotvi^r  at  re^    intervals,  or  whenever  considered  necessary 
Kter^N?  27  hTt^cS^been  liken  to  tiie  International  Bureau  of 
wShts  and  Measures  for  verification,  tiie  first  time  m  1903  and  ^am 
1921.    No  sensible  change  has  taken  p  a^.   Bi  |Mch  ii^tance  the 
bar  was  taken  personally  by  a  representative  of  the  Bu«au  of  Stood- 
ards  and  the  utmost  care  was  exercised  for  its  protection  agwmst 
^'a^   Meter  No.  21,  used  as  a  secondary  standard,  was  taken  to 
^r^^nalSSnal  Bureau  of  Weights  and  Measures  m  Augi^^^^^^ 
reoom^pison.    Neitiier  of  the  kilograms  has  yet  been  returned  to  the 

Bureau  of  Weights  and  Measures  for  recomparison. 

m  MAINTENANCE  OF  THE  INTERNATIONAL  BUREAU 
Ul.  jviiUJNXJw^^^  WEIGHTS  AND  MEASURES 

At  the  nresent  time  the  International  Bureau  of  Weights  and 
^Sled  jointly,  by  tiie  following  named  32  co-tr^^^^^ 
Sder  the  terms  of  the  Metric  Convention^  a  treaty  .^gr^^  upon 
Mav  20    1875:  Argentina;  Austria;  Belgium;  Brazd;  Bulgaria, 

&a;  Chile;  Czechoslovakia;  ge-^^^^J.^f  J^rV^^ 
Algeria-  Germany;  Great  Britam;  Hungary;  Irish  Fne  State,  Italy, 
Jal^t  Mexico;  Norway;  Peru;  Poland;  Portugal;  Rj^^f,^^! 
Croats,  and  Slovenes;  Siam;  Spain;  Sweden;  Switzerland;  Union  of 
Soviet  Socialist  Eepubhcs;  United  States;  and  Uruguay. 

IV.  SYNOPSIS  OF  THE  SYSTEM 

The  units  of  the  metric  system  at  the  outset  were  fTraii^S 
the  unit  of  length,  the  meter,  which  was  defined  as  one  ten-miliiontft 
^tTthe  e^i's  quadrant.  The  unit  of  volume,  the  cubic  decmieter 
Uter,  was  defined  as  a  cube  of  one-tenth  meter  on  a  fde;  and 
Zem^  oi  mass,  the  kilogram,  was  defined  as  the  mass  of  a  cubK. 
dScimeter,  or  Utei,  of  pure  water  when  at  tiie  temperature  of  its  ma^- 

"rw^f^unt  twever,  that  masses,  could  be  compared  witii  a 
higher  degree  o  accuracy  than  that  wi^  which  volumes  cjo^MJ^ 
determined,  and  it  was,  therefore,  preferable  to  ^^^l^^^^l 
ard  of  mass  specifically  defined,  rather  than  one  delved  fi»m  toe 
unit  of  lengtii,  through  the  unit  of  volume.  A  ^V^^f^.^^J  ™ 
intemationS  prototype  kilogram,  was,  therefore,  adopted  as  the 
staS^d  of  m£s,  and  the  unit  of  volume,  the  liter,  was  then  redefined 

of  tKndard  of  ma^ ;  tiie  Uter  being  de^^^^ 
a  kilogram  of  pure  water  at  the  temperature  of  its  ^laximum^^^^^^ 

The  present  basis  of  the  metric  system  of  w«ghte  and  measm-^ 
may,  therefore,  be  summarized  as  follows:  (1)  ^  "^^^^^^  ^^^^ 
of  lekgth,  the  international  prototype  meter;  (2) 
of  m^,  the  mternational  prototype  kilogram;  (3)  a  stenda^ 
volume,  the  cubic  decmieter,  derived  from  the  unit  of  length  and  (4) 
a  standard  of  volume,  tiie  liter,  derived  from  tiie  umt  of  mass. 
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Some  advantages  claimed  for  the  metric  BjstoDQL  aie: 

1.  The  decimal  relation  between  the  units. 

2.  The  simple  rdation  of  the  unite  of  lengthy  area,  volume,  and 
weight  to  one  another. 

3.  The  uniform  and  self-defining  names  of  units. 

1.  FORBCATIQN  OP  MULTIPLBS  AND  SUBMULTmJCS 

The  metric  tables  are  forarad  by  combining  the  words  "meter/' 
'"gram/'  and  '^LmsR"  with  the  six  nmii»ical  profixes,  as  in  tkie 
following  tables: 


pRBims 


MEA^HNQ 


wSBir  =  onm  tbtemmanith 

centi-  =  one  huxidredth 

ded*  =  one  tenth 

Uziit  =  one 

deka-  =  ten 

hecto*  =  one  huxulred 

kQo-  =  one  thouMnd 


1000 

1 

100 

1 

10 


10 

1 

100 

1 

1000 

1 


0*001 
.01 
.1 

1 

10 

[100 

1,000 


IFNITS 


meter"  for  length. 


gram"  for  weight  or  mass. 


"Uter"  for  capacity. 


2.  UNITS  OF  LENGTH 


niilliiiieter 
centimeter 
decimeter 
METER 

dekameter 
hectometer 
kilometer 


0.001  meter. 

•01  meter* 

J.  meter. 

1  meter. 

10  meters. 

100  meters. 

1,000  meters. 


Where  the  mile  is  used  in  England  and  the  United  States  for 
measuring  distances,  the  kilometer  (1,000  meters)  is  used  in  metric 


|lili|iiiijiiii|iiii|iiil|itiy^^ 
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8  CM  10 
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nil  1111 

nnl,iM 

III! 

J 1  uliiu 

III 

iiiiliiii 

1 

II 

T 

1 

4V 

X  Z  9      Inches.  i 

hiiiilililih  ililililiiiiililililililililiii  ilililiiiiiliii 

FiGUBs  1. — ComparUon  scale:  10  centitMUrs  and  4  inches.  ( Actual  size) 

countries.  The  kilometer  is  about  five-eighths  of  a  mile.  There 
are  about  1,609  meters  in  a  statute  mile,  20  meters  in  a  chain,  and  5 
meters  in  a  rod. 

The  meter  is  used  for  dry  goods,  merchandise,  engineering  construc- 
tion, building,  and  other  purposes  where  the  yard  BnAjoot  are  used. 
The  meter  is  about  10  per  cent  longer  than  the  yard. 
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The  ««*m*r  and  n»UmeUr  .are  used  iiistead  of  the  i^h^fj^ 
fractions  in  machine  .Xdr^f  a  Zto.    It  is  W 

^T^^r.xi'pp^^^EB  ."lr„t-r 

^rfSeto  is^vided  for  finer  work  into  tenths,  hundredths,  .ad 
thousandths.  3.  units  OF  AWtA 

The  table  of  are«,  is  t-jej^fmSot! ^ 
in  our  common  By^^m- JFor  landm^  33 

100        or  about  2%  acres.    An  <wre  is  about  0.4  kectaie. 
iii  uSted  States  gimHer  section  contams  approamately  65  heot«». 

^ir^SrS;a^^"oVs^tfre  is  used 

For  "n^".  ""rr,";  on  ™,  -^t  larger  than  the  sqmre  yard.  For 
laMl^s^^  the  and  .gwe  mfflmefer  are 

S    A  cont^  about  6K  square  oentuneters.  For 

exact  values,  see  pp.  10,  11. 

4.  UNITS  OP  VaUJM& 

termined,^  being 

1  liter- 1.000027  cubic  dedmeters. 

the  cubic  centimeter  or  the        •  .J^'^S^^Ss  are  employed 
The  cubic  measures  are  the  cubes  of  the  ^^«*r^V^-  ^'^^^^ 

4^<«'T^"'o:b^irlstt:i  irp^^e^f  tt'ci" 

KofaTnyg^-.e  o^sHp^^and^^^^^^^^^^ 
tr.lit'^^^i'^^^VrJd^A.    (See  table  of  capacity 

^^^^^^^^^^^  ^ 

one  liter.   -  "  '  
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5.  UNITS  OF  CAPACITY 

milliUter  =  0.001  Uter 

centiliter  =  .01  liter 

deciliter  =  .1  liter 

LITER  =  1  liter 

dekaliter  =  10  liters 

hectoliter  =  100  liters 

kUoUter  =  1,000  liters 

The  hectoliter  (100  liters)  serves  the  same  purposes  as  the  United 
States  biLshel  (2,150.42  cubic  inches),  and  is  equal  to  nearly  3  bushels. 
A  peck  is  about  9  liters.  The  liter  is  used  for  measurements  com- 
monly given  in  the  gallon,  or  in  the  liquid  or  dry  quarts,  a  Uter  being 
5  per  cent  larger  than  our  liquid  quart  and  10  per  cent  smaller  than 
the  dry  quart.  A  liter  of  water  at  the  temperature  of  its  greatest 
density,  4°  C,  weighs  exactly  a  kUo^ram,  that  is,  1,000  grains.  A 
thousand  liters  of  water  weigh  1  metric  ton. 

6.  UNITS  OF  WEIGHT  (OR  MASS) 

miUigram  =  0.001  gram 

centigram  =  .01  gram 

decigram  =  .1  gram 

GRAM  =  1  gram 

dekagram  =  10  grams 

hectogram  =  100  grams 

kilogram  =  1,000  grams 

Measurements  commonly  expressed  in  long  tons  or  short  tons  are 
stated  in  mebrie  tons  (1,000  kilograms).  The  metric  ton  falls  between 


FiauBB  3.—ReUai9e  size  ^  S-^pmnd  amd  l^^eilogram  (drM<)  weigHs 


our  long  and  short  tons  and  serves  the  purpose  of  both.  The  kilo- 
gram and  ''half  kilo''  serve  for  everyday  trade,  the  latter  being  about 
10  per  cent  larger  than  the  pound.   The  kilogram  is  approximately 
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2.2  pounds.  The  gram  and  its  multiples  and  divisions  are  used  for  the 
same  purposes  as  ounces,  pennyweights,  drams,  scruples,  and  grains. 


8  Q 

Figure  5. —  Relative 
size  of  gram  and 
scruple  (.brass) 
weights 

V  STATUS  OF  THE  INTERNATIONAL  METRIC  SYSTEM 

IN  THE  UNITED  STATES 

1.  CONSTITUTIONAL  AUTHORITY  TO  FIX  STANDARDS 

"The  Congress  shall  have  power  to  *  *  *  fix  the  standard 
of  weights  and  measures."  (Constitution  of  the  United  States,  Art. 
1,  aec.  8,  par.  5.)  ( 

2.  THE  METRIC  SYSTEM  LEGALIZED 

"It  shall  be  lawful  throughout  the  United  States  of  America  to 
employ  the  weights  and  measures  of  the  metric  system,  *  *  *." 
(Revised  Statutes  of  tlie  United  States,  sec.  3569.) 

3.  THE  METRIC  STANDARDS  ADOPTED  AS  FUNDAMENTAL 

*  *  the  office  of  ww^hts  and  measures  *  *  *  will  in 
the  future  regard  the  international  prototype  meter  and  kilogram 
as  fundamentol  standards,  and  the  customary  units,  the  yard  and 
the  pound,  wiJl  be  derived  therefrom  in  accordance  with  tiie  act 
of  July  28, 1866."  (Order  approved  by  the  Secretary  of  the  Treasury, 
April  5,  1893.) 

4.  METRIC  BALANCES  FURNISHED  CERTAIN  POST  OFFICES 

"The  Postmaster  General  shall  furnish  to  the  post  offices  exchang- 
ing mails  with  foreign  countries,  and  to  such  other  offices  as  he  may 
deem  expedient,  postal  balances  denominated  in  grams  of  the  metric 
system,  fifteen  grams  of  which  shall  be  the  equivalent  for  postal 
puposes,  of  one-half  ounce  avoirdupois,  and  so  on  in  progression." 
(Bevised  Statutes  of  the  United  States,  sec.  3880.) 

5.  MBTRIC  WEIGHTS  USED  FOR  CERTAIN  COINS 

"  *  *  *  the  weight  of  the  half-dollar  shall  be  twelve  grams  and 
one-half  of  a  aram;  the  quarteavdollar  and  the  dime  shall  be,  respec- 
lively,  one-h^f  and  one-fifth  of  the  weight  of  said  half-cbUar." 
(Revised  Statutes  of  the  United  States,  sec.  3513.) 


FiGTTEE  4. — Relative  size  of  avoirdupois  ounce, 
SO-i/ratn,  and  troy  ounce  (jbraaa)  weighU 
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6.  CONGRESS  PROVIDES  METRIC  STANDARDS  FOR  THE  STATES  OF 
THE  UNION,  LAND-GRANT  AGRICULTURAL  COLLEGES,  AND  THE 
SMITHSONIAN  INSTITUTION 

"Be  it  reaohed  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Conftesa  assembled^  Tliat  the  Secretary 
of  the  Treasury  be,  and  he  is  hereby,  authorized  and  directed  to 

furnish  to  each  State,  to  be  deUvered  to  the  governor  thereof,  one 
set  of  the  standard  weights  and  measures  of  the  metric  system  for 
the  use  of  the  States,  respectively."    (Joint  resolution  of  Congress 

approved  July  27,  1866.)  .       ,  i    tt  j 

"Resolved  by  the  Senate  and  H<mse  of  Representatives  of  the  Umted 
States  of  Ammca  iv^  Congress  assembled,  That  the  Secretary  of  the 
Treasury  be,  fond  he  is  hereby,  directed  to  cause  a  complete  set  of 
all  the  weights  and  measures  adopted  as  standards  to  be  deUvered 
to  the  governor  of  each  State  in  the  Union,  for  the  use  of  agncultural 
colleges  in  the  States,  respectively,  which  have  received  a  grant  01 
lands  from  the  United  States,  and  also  one  set  of  the  same  for  the 
use  of  the  Smithsonian  Institution:    *    •  (Joint  resolution 

of  Q&Bi&xea,  approved  March  3,  1881.) 

7.  UNITED  STATBS  JOINS  IN  ESTABLISHING  INTERNATIONAL  BUREAU 

"The  high  contracting  parties  engage  to  establish  and  maintain, 
at  their  common  expense,  a  scientific  and  permanent  international 
bureau  ^  of  weights  and  measures,  the  location  of  which  shall  be  afc 
Paris."  (Extract  from  convention  of  1875,  signed  for  the  United 
States  by  the  United  States  ambassador  to  France.) 

8.  CON(SBaSSS  ADOPTS  THE  METRIC  UNITS  FOR  ELECTRICAL 

MEASURES 

It  was  enacted  by  the  Senate  and  House  of  Representatives  that 
the  international  electrical  imits  based  on  the  metric  system  shall 
be  the  legal  units  of  electrical  measure  in  the  United  States.  (Se» 
Revised  Statutes  of  the  United  States,  Supplement,  vol.  2,  chap* 
131,  1894.) 

9  METRIC  SYSTEM  REQUIRED  IN  THE  MEDICAL  WORK  OP  THE  WAR 
DEPARTMENT,  THE  NAVY  DEPARTMENT,  AND  THE  Bl^AU  OF 
THE  PUBLIC  HEALTH  SERVICE  OF  THE  TREASURY  DEPARTMENT 

(a)  "Pharmacy  management.    *    *  * 

"{b)  Records.  .     ,    .    .      ^  „ 

"1.  In  time  of  peace  and,  so  far  as  paracticable,  m  time  of  war  all 
prescriptions  will  be  written  in  the  metric  system.   *   *  (Army 

Regulations,  1929,  Regulation  40-590,  par.  18,  sub.-par.  18-b  (1).) 
(6)  "The  metric  system  of  weights  and  measures  shall  hereafter  be 

employed  in  the  Medical  Department  of  the  Navy."  (Order  ap- 
proved by  the  Secretary  of  the  Navy,  April  15,  1878.)** 

(c)  "Officers  shall,  for  all  official,  medical,  and  pharmacal  purposes, 
make  use  of  the  metric  system  of  weights  and  measures."  (Regula- 
tions of  the  U.  S.  Public  Health  Service,  1931,  sec.  856.)  

«  This  bureau  has  the  custody  of  the  international  standards  of  the  metric  system,  to.^Wfh  aU  meteic 
prototypes  of  the  world  are  referred  for  verification.  It  was  established  and  is  mamtamed  jomtly  by  various 
mvemmemts,  a  list  of  tbose  now  contributing  to  its  support  is  given  on  page  3.  t,.„„„„  „« 

«  The  metric  system  is  wm  tMd  «BluH¥dly  only  in  tbe  OMduial  iwescnption  work  of  the  Bureau  of 
Medicine  and  Surgery. 
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10  METRIC  CARAT  ADOPTBD  AS  UNIT  FOR  DIAMONDS  AND  OTHER 
^  PRBCIOU8  STONES 

"Begimung  July  1, 1913,  the  Bureau  of  Standards  will  recognize  the 
intemational  metric  carat  of  200  milligrams  as  the  imit  of  weight  for 
diamonds  and  other  predous  stones  and  will  use  this  unit  for  the  pur- 
poses of  certification  of  all  carat  weights  suhmitted  to  the  bureau  for 
test."    (Ch-cular  No.  43,  Bureau  of  Standards,  issued  November  1, 

^^"On  and  after  July  1,  1913,  the  unit  of  weight  for  imported  dia- 
monds, pearls,  and  other  precious  stones  will  be  the  metric  carat  of 

200  milhgrams.  .      ,    ..r.     i  •  u- 

"CJollectors  at  ports  now  eqmpped  with  scales  for  weighing  precious 
stones  will  make  requisition  for  a  new  set  of  weights  based  upon  such 
carat."   (Treasury  Department  order,  June  17, 1913,  to  collectors  and 

other  officers  of  the  customs.) 

U.  METRIC  SYSTMf  QI*TIONAL  IN  PORTO  RICO 

"Section  1 . — That  the  metric  system  of  weights  and  meagures,  and 
the  imperial  system  customarily  used  in  ike  United  States  in  so  far 
as  the  same  is  described  by  this  act,  are  hereby  recognized  and  estab- 
Ushed  in  Porto  Rico  for  use  in  all  industrial  and  commercial  trans- 
actions,   *  * 

(Act  No.  135,  approved,  August  18, 1913.) 

12  UmmC  SYSTEM  MADS  THE  LEGAL  SYSTEM  IN  THE  PHIUPPINB 

ISLANDS 

"The  weights  and  measures  to  be  used  througnout  the  Phihppine 
Islands  are  those  of  the  metric  system,  with  the  following  units:   *  f  * 

"The  metric  intern  of  weights  and  measures,  with  its  recognized 
scales,  shall  be  used  in  all  contracts,  deeds,  and  other  instruments 
publicly  and  offidally  attested,  and  in  all  official  documents;  and, 
except  as  herembelow  provided,  only  wdghts  and  measures  of  the 
metric  system  shall  be  officially  sealed  and  licensed.  , 

"In  the  purchase  and  sale  of  manufactured  lumber  the  English  sys- 
tem of  measures  may  be  employed;  and  in  ordering  commodities  or 
articles  from  abroad  such  weights  and  measures  may  be  employed  as 
are  commonly  used  in  the  country  to  which  the  order  is  sent  or  from 
which  the  goods  are  shipped."  (Administrative  Code,  1917,  vol.  2, 
Art.  IX,  p.  8,  sees.  32  and  33.) 
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VI.  EQUIVALENTS  OF  CERTAIN  UNITS 

These  values  are  given  to  a  larger  number  of  decimal  p^&ces  t^han 
wiil  be  found  in  the  tables  following. 


Centimeter 
Meter 

Square  centimetw 

Square  meter 

Hectare 

Cubic  meter 

Liter 

Liter 

Liter 

Hectoliter 
Onm 

Kilogram 

Inch 
Yard 

Square  inch 
Square  yard 
Acre 

Cubic  yard 
GaUon 
liquid  quart 
Dry  quart 
Bushel 
Grain 

Poimd^  avoirdupois 


0.3937  iiu^ 

39.37  inches  (exactly). 

.1549997  square  inch. 
1.195985  square  yards. 
2.47104  acres. 
1.3079428  cubic  yards. 

.264178  gallon. 
1.05671  liquid  quarts. 

.908102  dry  quart. 
2.83782  budbeis. 
15.432356  grains. 
2.204622341  pounds,  avoirdupois. 
2.540005  centimeters. 

.9144018  meter. 
6.451626  square  centimeters. 

.8361307  square  meter. 

.404687  hectare. 

.7646594  eubie  meter. 
3.785332  liters. 

.946333  liter. 
1.101198  liters. 
35.23833  liters. 

.064798918  gram. 

.4^5924^77  lOlogr^. 


Vn  COBflPARISON  OF  METRIC  AND  CUSTOMARY  UNITS 

FROM  1  TO  9 


1.  LBMQTH 


lUfti—  Millimeters 
(In.)  (mm) 

Feet  Meters 
m  (m) 

Yards  Meters 
(yd.)  (m) 

Hods  Meters 
(rd.)  (m) 

U.  S.  miles  Kilometers 
(mi.)  (km) 

• 

a  03937=^1 
.07874-2 

.11811=3 
.16748=4 

1-0. 304801 
2=  .609601 
3=  .914402 
4=1. 219202 

1-0.914402 

2=1.828804 

3-  2.743206 

4-  8.067607 

a  196838-1 

.397677  =2 
.606616-3 
.796854-4 

a  621370-1 
1. 242740=2 
1.864110-3 
&488480-4 

.19686«5 
.23622-6 
.27559  =7 
.31496=8 
.86188-9 

5  =  1.524003 
6=1. 828804 
7=2. 133604 

8-  2.438406 

9-  2.748206 

5-4573009 

6=5. 486411 
7=6.400813 
8=7.316216 
9-&  389810 

.994192-5 

1. 193030=6 
1.391869-7 
1.590707—8 
L  789545-9 

8.106850-5 
3.  728220-6 
4*349590-7 
4070900-8 
&50S80-9 

1»  25.4001 

2=  50.8001 
3=  76.2002 
4«10Lm2 

3.28083=1 
6. 56167=2 
9.84250=3 
18.13188-4 

1.093611  =  1 
2. 187222  =2 
3.280833=3 
4.874iM-4 

1=  5.02921 

2-  ia  06842 

3-  16.06763 

4- 36L 11684 

1=  1.609347 
2-  3.218694 
S-  4.8280tt 
4-  0.4S7880 

5-127.0003 
6=152.4003 
7=177.8004 
8-203.2004 
9>-23B.6006 

16.40417=5 
19. 68500=6 
22. 96583  =7 
26.  24667-8 
28.62760-9 

5.468056  =5 
6. 561667-6 
7.655278-7 
&  748889  =8 
9.842500-9 

5=25. 14605 

6-  3a  17626 

7-  85.30447 

8=40. 23368 
9-46.26289 

5=  8.046736 

6-  9.666083 

7-  lL  356481 

8=12.  874778 
9-14.484126 

2.  AREA 

Square  Square 
inches  centimeters 
(sq.  in.)  (cm*) 

Square  Square 
feet  meters 
(W.  tt.)  (m*) 

Square  Square 
yards  meters 
(sq.  yd.)  (m«) 

Ams  HOCtKPBB 

(A.)  (ha) 

Sqnara  Square 

miles  kilometers 
(sq.  mi.)  (km^) 

a  15600-1 
.81000-9 

.46500=3 
.62000  =4 

1=0. 09290 
2=  .18581 
3=  .27871 
4-  .37161 

1=0.8361 
2  =  1.6723 
3=2.  5084 
4=3. 3445 

1-0.4047 

2=  .8094 
3=1. 2141 
4-1.6187 

a  3861-1 

.7722=2 
1.1683=3 
1.5444-4 

.  77600=6 
.WOOO-6 
1.08500=7 
1.24000-8 
1.8060P-9 

5-  .46452 

6-  .66742 

7-  .66032 

8-  .74323 

9-  .88818 

5=4. 1807 
6=5. 0168 
7  =  6. 8529 
8=6.6890 
•«7.8262 

5-2.0234 
6=2.  4281 
7=2. 8328 

8-  3.2375 

9-  8.0422 

1.9805-5 
2.3166=6 
2.7027=7 
3.0888-8 
3.«i9-9 

1-  0.463 

2=12. 903 

3-  19.355 

4-  26.807 

la  764-1 
21.528=2 
32.292-3 
48.066-4 

1.1960=1 
2. 3920=2 
3.6880=3 
4.7880-4 

2. 471  =  1 
4. 942  =2 
7.413=3 
9.884-4 

1-  2.6900 

2-  6. 1800 
9-  7.7700 

4-iQiaooo 

5-  82.268 

6-  38.  710 

7-  45.161 

8-  61.613 

9-  88.086 

63.810-5 
64.683=6 
76.347  -7 
86.111=8 
98.876-9 

5.9799  -5 
7. 1759=6 
8. 3719=7 
9.6679  =8 
la  7038-9 

12. 355=5 
14.826  =6 
17. 297=7 
19.  768  =8 
22.239-9 

5=12. 9500 

6-  16.6400 

7-  18. 1300 

8-  20.  7200 

9-  23.8100 

3.  VOLUME 

Cubic  Cubic 
Inches  centimeters 
(CO.  in.)  (cm») 

Cubic  Cubic 
feet  meters 
(cu.  ft.)  (m») 

Cubic  Cubic 
yards  meters 
(cu.  yd.)  (m*) 

Cnbie  Litore 

inches 

(cu.  in.)  (1) 

Cubic  Liten 
feet 

(ca.lt.)  a) 

0.06102=1 
.12205=2 
.  18307  =3 
.24409=4 

1-0.028317 
9—  .  066684 

S-  .084951 
4=  .113268 

1-0. 7646 
18-1.5291 

3  =  2. 2937 
4=3. 0582 

1=0. 0163867 
2=  .0327734 
3=  .0491602 
4=  .0655469 

1=  28.316 
2=  56.633 

3  =  84.949 

4  =  113.265 

.30512  =5 
.36614  =6 
.42716  =7 
.48819  =8 

5-  .141686 

6-  .100903 

7=  .198219 
8-  .226636 

5=3.8228 
6-4.6874 

7=5. 3519 
8-6. 1166 

5=  .0819336 
6=  .0983203 
7=  .1147070 
8=  .1310938 
9-  .1474806 

5  =  141.581 
6=169.  898 
7  =  198.  214 
8=226.630 
9-251810 

.64921=9 

9-  .254868 

9-0.8810 

1=  16.3872 

2  =  32.7743 
3=  49. 1615 
4=  65.5486 

35.814-1 

70. 629  =2 
106.943-3 
141.268-4 

1.3079-1 

2.6159=2 
3.9238-3 
5.2318-4 

61.025=1 
122. 050=2 
183. 075=3 
344.100-4 

0. 035315=1 
.070631  =  2 
.105946=3 
.141383-4 

5  =  81.9358 
6=  98.3230 
7=114.7101 
8-131. 0973 
-  9-li7.«tf 

176. 572-5 
211.887  =6 
247. 201  =  7 
282.616-8 
817.880-9 

6. 6897—5 
7. 8477=6 
9.1666-7 
la  4085-9 
11.7718-9 

805.125-5 
366.160-6 
427.176-7 
488.300-8 
5«.S»-9 

.  176677-5 
.211892=6 
.247208-7 
.282623  =8 
.817889-9 
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4.  CAPACITY— LIQUID  MBA8URS 


(ILar.)  (ml) 

litem 

ounces 

(fi.os.)  (ml) 

U.S. 

liquid  Liters 
(Pt.)  (1) 

U.  S. 

liquid  Liters 
quarto 

(qt.)  (1) 

0.27052=1 
.64104  =  3 
.81155  =  3 

1.08207  =4 

0. 033815  =  1 
.067629  =  2 
.101444=3 
.135259  =4 

1=0. 47317 
2=  .94633 
3=1.  41950 
4  =  1. 89267 

1=0.94633 
2=1.89267 
3=2.  83900 
4=3.  78533 

0. 26418=1 
.52836  =2 
.79253  =3 

L  05671=4 

1.  35259  =5 
1. 62311=6 
1. 89363  =  7 
2.16414  =  8 
2.43466=9 

1=  3.6966 
2=  7.3932 
3»11. 0898 
4^14. 7865 

6=18.  4831 
6=22. 1797 
7-25.8763 

8=29.  5729 
9=33.2695 

.169074  =5 
.202888  =6 
.236703  =  7 
.270618=8 
.304333=9 

1=  29.573 
2=  59.146 
3»  88.719 
4=118.292 

6=147.865 
6=177. 437 
7=207.010 
8=236.583 
9=266. 156 

5=2.36583 
6=2.83900 
7=3.31217 
8=3.  78533 
9=4. 25850 

2.1134  =  1 
4. 2268  =  2 
6. 3403  =  3 
8-  4537  =4 

10.  5671=5 
12. 6805  =6 
14.  7939=7 
16. 9074  =  8 
19.  0208=9 

5=4.  73167 
6=5.  67800 
7  =6.  62433 
8=7.  67066 
9=8.  61700 

1.05671  =  1 
2.11342=2 
3. 17013=3 
4. 22684  =4 

5. 28355  =5 
6. 34026=9 
7.39697=7 
8. 45368  =8 
9.  51039=9 

1.32089  =5 
1. 68507  =6 
1.84924=7 
2.11342=8 
2.37760=9 

1=  3.78533 
2  =  7.57066 
3=11. 35600 
4=15. 14133 

5  =  18. 92666 
6=22.  71199 
7  =26. 49733 
8=30.28266 
9=34. 06799 

5.  CAPACITY— DRY  MEASURE 


u,  s. 

dry  mm 

quarts 

(qt.)  (1) 

(pk.)  (1) 

U.  S.  Deka- 
pecks  IHeis 

(pk.)  (dkl) 

U.  S.  Hecto- 
bushels  liters 

(bu.)  (hi) 

U.  S.  Hecto- 
bndielB  htmptx 
peracn  IMlmm 

a  0081=1 

1. 8162=2 
2.7243=3 
S.0SM-4 

aii36i=i 

.22703=2 
.94054=3 
.46106-4 

1=0. 8810 
2=1.7619 
3=Z6429 
4-S.8238 

1=0.35238 
2=  -70477 
3=1. 06716 
4-1.40963 

1=0.8706 
2=1.7415 
3=2. 6123 
4-8.4880 

46#05»>5 

6. 4486=6 
6.3567=7 
7.aMS-8 
&17aO»9 

.66766-6 

.68108=6 
.79459  =7 
.90810=8 
1.08161-9 

6=44048 
6=6.2857 
7=6. 1667 
8=7.0477 
9-7.9286 

6=1. 76192 
6=2. 11430 
7=2. 46668 
8=2.  81907 
9-3.17145 

5=4. 3638 
6=5. 2246 
7=6.0963 
8=6.9660 
9-7.8868 

1-1. 1012 
2=2.  2024 
3=3. 3036 
4«>44IM8 

1-  &810 

2=17. 619 
3=26.429 
4-86.238 

1. 1351  =  1 
2.  2703  =2 
3.4054=3 
46i06-4 

2.8378=1 
5. 6756  =  3 
a  6136=3 
11.3»8-4" 

1. 1484=1 
2. 2969=2 
3. 4463=3 
4.6B97-4 

5»&6060 
6»&6072 

7-  7.7084 

8-  &8096 

6=44.048 
6=52.  857 
7=61. 667 
8=70.477 
9-m286 

6.6756=6 
6. 8108=6 
7. 9459=7 
9. 0810=8 
la  2161-9 

14. 1891=5 
17. 0269  =6 
19. 8647=7 
22.7026=8 
2&  6104-9 

6.7421=6 
6.8906=6 
8.0390=7 
9. 1874=8 
1&  3859-9 

6.  MASS 

Grefm  Grams 
(gr.)  (s) 

Apothe- 
caries' Orams 

drams 
(dr.ap.or5)  (g) 

Owms 

ounces 

(oz.  t.)  (g) 

Avoirdu- 
pois (htons 
ounces 

(oz.  av.)  (g) 

^voirdu. 

pounds 

(lb.  av.)  (kg) 

1=0.  064799 
2=  .129598 
3=  .194397 
4=  .259196 

0.25721  =  1 
.51441  =  2 
.77162=3 

1. 02882=4 

0.  032151  =  1 
.064301  =  2 
.096452=3 
.  128603  =4 

0.035274=1 
.070548=2 
.105822=3 
.  141096  =4 

1=0. 45359 
2=  .90718 
3  =  1. 36078 
4=L  81437 

5=  .323995 
6=  .388794 
7=  .453592 
8=  .  618391 

9-  .mm 

1. 28603=5 
1.64324  =6 
1.80044=7 
2.05765=8 
2Ln485-9 

.160754  =5 
.  192904  =6 
.225055=7 
.257206=8 
.289867^ 

.  176370=6 
.211644  =6 
.246918=7 
.282192=8 
.317466-9 

5=2. 26796 
6=2.  72166 
7=3. 17516 
8=3. 62874 
9-4.06288 

15. 4324=1 
30.8647-9 

46. 2971=3 
61. 7294=4 

1-  a  8879 

2-  7.7759 

3=n.6638 
4=15.  5517 

1-  8L103 
9-  62.207 

3=  93.310 
4  =  124. 414 

1=  28.350 

2=  56.699 
3=  85.049 
4  =  113. 398 

2. 20462=1 
4. 40924=2 
6. 61387=3 
8. 81849  =4 

77.1618=6 
02. 5941-9 
1»0265=7 
m  4589=8 
m  8912-9 

6=19.4397 
6=23.3276 
7=27.  2155 
8=31. 1035 
9-94.9914 

5  =  155.517 
6=186. 621 
7  =  217.  724 
8=248.828 
9-279.931 

6=141.748 
6=170.097 
7=198-447 
8=226.796 
9-26M46 

11.02311=6 
13. 22773  =6 
15. 43236  =  7 
17.63698=8 
19.84100-9 
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VIII.  OFFICIAL  ABBREVIATIONS  OF  INTERNATIONAL 

METRIC  UNITS 

These  abbreviations  are  used  by  the  Bureau  of  Standards  conform- 
ably to  the  principle  followed  in  the  abbreviations  adopted  by  the 
International  Committee  on  Weights  and  Measures,  October  2, 
1879.  (Proems -Verbaux  des  Stances  de  1879,  Coxuit^  International 
des  Poids  et  Mesures;  toI.  IV,  p.  41:  1880.) 

Metric  abbreyiations  are  simply  the  initial  letters  of  the  respective 
units  combined  with  the  initial  letters  of  the  prefixes  set  solid  in  lower 
case,  and  without  period. 


PREFIXES 

k  kilo- 

li  hccto 
dk*  deka- 
d  deci- 
c  centi- 
sn  xnilli* 


UNITS 

m  xDCijcr 

g  gram 
1  liter 
a  are 


LINEAR 
(length) 


Km 
hm 

dkm 
m 
dm 
cm 

mm 


kUometer 
hectometer 


decimeter 

centimeter 

millimeter 


SQUARE 
(area) 

km^  square  kilometer 
hm^  square  hectometer 


dkm^  square 
m*  square 
ds^  square  decimeter 
cm*  square  centimeter 

mm*  square  millimeter 


jt  micron  (»0*001  mm)         $f  square  tsAaoa 


MASS^ 

(weight) 

kg  kilogram 
hg  hectogram 
dkg  dekagram 

g  gram 

dg  decigram 
eg  centigram 

mg  tnalligrani 


SURFACE 
(land  area) 

f\mnt  ma 


ca  centare 


CUBIC 
(vohmie) 

km'  cubic  kilometer 
hm'  cubic  hectometer 

dkm'  cubic  dckamrtrr 
jpof  cubic  meter 
dm^  cubic  ^ffrimfter 
cn^  cubic  centimeter 

mn^  cubic  millimeter 

if  cubic  micron 

CAPACITY 
(of  containers) 

U  kitolitfy 
hi  hfictolitftr 
did  <Mwltt*r 
1  Hter 

dl  deciliter 
cl  centiliter 


Note. — A  similar  plan  is  used  for  abbreviations  of  cgs  units  and  others: 
mf  millifarad  (m  milli,  f  farad);  /if  microfarad;  mju  a  thousandth  of  a  micron,  and 
MM  one  millionth  of  a  micron.    (See  Guillaume:  Unitfe  et  Etalons,  p,  7,  note.) 

♦  *'dk"  suggested  and  used  by  bureau  to  distinguish  from  ''d." 
"t"«=  1,000  kg=metric  ton. 
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